To examine the detailed anatomy of the normal temporomandibular joint (TMJ) 
INTRODUCTION
The temporomandibular joint (TMJ) is a mobile joint used during speech, mastication, and swallowing. The joints on both sides form a functional unit and they work synchronically. This joint lies in between the condylar process of the mandible and mandibular fossa (glenoid fossa) and the articular tubercle of the temporal bone [9, 10] . The TMJ is a complex joint because of its anatomical and histological differences from other joints and its specific biomechanical characteristics [14] . The joint's surface is wholly convex in the anteroposterior direction. However, it shows a mild convexity in the mediolateral direction. Additionally, the condylar process may have different shapes and variations [6, 10] . The mandibular fossa has a concave shape and its joint surface is 3-4 times larger than the head of the mandible. The degree of convexity of the articular tubercle is variable, and it has an important role in the anterior movement of the mandible [6, 10] .
In the literature, there are many studies on the anatomy, histology, and biomechanics of the TMJ. However, there are only a few studies in the literature describing the morphometry of the joint in an anatomically normal population [7] .
The specific characteristics of the TMJ according to age, sex, and position of the joint in anatomically normal patients are important clinically. In this study, the authors aimed to examine the detailed morphometry of TMJ in anatomically normal patients, which will play an important role in understanding the aetiology of joint disorders, the effects of surgical procedures in this joint, the effects of diseases on TMJ, the effects of surgical interventions in the head and neck region, and age-related changes in TMJ.
MATERIALS AND METHODS

Study design
The study was performed in the Department of Anatomy, Faculty of Medicine, Hacettepe University, Ankara, Turkey by using the cone-beam computed tomography (CBCT) images of 100 anatomically normal patients. The patients' data were obtained from the Department of Dentomaxillofacial Radiology, Faculty of Dentistry, Ankara University, Ankara, Turkey. All the patients had a normal TMJ structure radiologically, and they visited the Radiology Department between 2012 and 2017. All proposed subjects agreed to participate in the study, and all provided written informed consent. Ethical approval for the study was obtained from University Ethics Committee (GO 16/168-08). The study included 50 male and 50 female patients. The patients' ages varied between 20 and 69 years (mean age 44 ± 14.403). The patients were divided into five groups, and each group included 10 patients. The age groups of male and female patients were 20-29, 30-39, 40-49, 50-59, and 60-69 years. The study population comprised 100 subjects: 50 (50%) females, 50 (50%) males, who had undergone CBCT imaging for pre-evaluation of impacted third molar and impacted teeth surgery.
CBCT protocol
The patients' images were taken in the supine position using the standard protocol of CBCT (Planmeca Promax 3D Max). While obtaining the images, the mandible was in a closed position and the patient was immobile. The images were recorded at 96 kVp and 10 mA, 575 × 575 mm image plane. The section thickness was 0.4 mm and they were recorded in isotropic 400 µm voxel. The images were obtained from the level of fifth cervical vertebra up to the upper border of the orbit. All the images were of 0.4 mm thickness and they were obtained in coronal, axial, and sagittal planes. Reconstructions and measurements were performed with a 21.3-inch flat panel and a TFT medical screen having active a colour matrix (NEC MultiSync MD215MG, Munchen, Germany) of 2048 × 2560 pixels, 75 Hz and 0.17 mm point character frequency of 11.9 bit. While obtaining the relation between the mandibular fossa, articular tubercle, and mandibular condyle, Romexis-Viewer (ver. 3.2.0, Planmeca) software was used. For the measurements of the volume and bone surface areas of mandibular condyles (MCA), CT-analyser (ver. 1.12.9, Skyscan) software was used. All the measurements of the study were performed by two researchers in different periods and each researcher took the measurements two times. There was a gap of 2 weeks, between the measurements taken by both the researchers. The statistical analysis of harmony of the two researchers was also determined.
Measurements obtained from coronal sections
The images were calibrated by finding the midline of the odontoid process in the vertical axis, and both the TMJs were put into equal angulations in the axial plane. The measurements were performed using images in which the MCA were largest in posteroanterior coronal images. In coronal sections, the width of mandibular condyle, the distance between the mandibular fossa and medial end of mandibular condyle, the distance between the mandibular fossa and lateral end of mandibular condyle, and the distance between the mandibular fossa and most upper point of mandibular condyle were measured. For angular measurements, the angle between the long axis of the mandibular condyle and horizontal axis, the angle between the long axis of mandibular ramus and vertical axis, and the angle between the long axis of the mandibular condyle and the long axis of the ramus of the mandible were measured (Fig. 1) .
The width of the mandibular condyle (MCW) was measured in the coronal section in which the head of the condyle was observed as being the largest. In this measurement, the distance between the medial and lateral ends of the head was measured. For the measurement of the distances between the mandibular fossa and medial end of the mandibular condyle (CONM-MF) or lateral end of the mandibular condyle (CONL-MF), a vertical line was drawn toward the mandibular fossa. Additionally, the least distance between the mandibular condyle and mandibular fossa in the coronal plane (CONT-MF(C)) was calculated.
The angle in between the long axis of the mandibular condyle and the horizontal plane (CLA-HA) was measured in the section in which the condyle was observed as the largest. While measuring the angle in between the long axis of the ramus of the mandible and vertical plane (RLA-VA), the line drawn from the posterior border of the ramus of the mandible was accepted to be the long axis of the ramus. The angle between the long axis of the mandibular condyle and long axis of the ramus of mandible (CLA-RLA) was also calculated.
Measurements of sagittal sections
The measurements were done using the widest images of mandibular condyle obtained in lateral to medial observations in the anteroposterior direction. The measurements obtained in sagittal sections were the distance between the mandibular fossa and tip of the mandibular condyle, the distance between the tip of the mandibular condyle and mid-point of mandibular condyle, and the distance between the mid-point of the mandibular condyle and mandibular fossa. Additionally, the curvature of the articular tubercle was also measured.
For the measurement of the distance between the mandibular fossa and tip of the mandibular condyle from the sagital plane (CONT-MF(S)), the smallest distance between these two points was accepted as the tip point of the mandibular condyle. For the measurement of the distance between a vertical line was drawn through mandibular fossa from the tip point for measurements. For the measurement of the distance between the mid-point of mandibular condyle and tip of mandibular condyle (CONMi-CONT), the mid-point of the mandibular condyle was obtained in the mediolateral direction and the distance between this point and tip of the mandibular condyle was measured. For the measurement of the distance between the mid-point of the mandibular condyle and mandibular fossa (CONMi-MF), a vertical line was drawn through the mandibular fossa and measurements were calculated. The curvature of the articular tubercle (AT Tilt) was obtained from the angle between the tangential line drawn to the posterior border of the TMJ and Frankfurt horizontal plane [4] .
Axial section measurements
In axial sections, the measurements were done using the images in which the anteroposterior diameters of the MCA of both sides were seen the largest. For the measurement of the angle in between the MCA of both sides, the two lines drawn parallel to the anteroposterior diameters of the two condyles were joined with each other in the mid-sagittal line and the angle was calculated (Fig. 2) .
Measurements by 3D remodelling of the bone
Three-dimensional (3D) remodelling was done using the images in which the articular tubercle, zygomatic arch, and mandibular fossa were observed in the maximal clearance. By this method, the height of the articular tubercle, the distance between the articular tubercle and mandibular fossa, and the angle between the long axis of the articular tuber- cle and transverse axis of the zygomatic arch were measured.
The height of the articular tubercle (AT Height) and the distance between the articular tubercle and mandibular fossa (AT-MF) were also measured. For the measurement of the AT-MF, the distance between the deepest part of mandibular fossa and the most inferior point of articular tubercle was calculated. The angle in between the long axis of the articular tubercle and transverse axis of zygomatic arch (AT-ZA angle) was found by drawing a tangential line to the upper border of the zygomatic arch and intersecting this line with the mid-point of the base of the articular tubercle (Fig. 3) .
Measurements of the bony tissues belonging to MCA
The volumetric and surface measurements of the bony tissues belonging to MCA were done using CTAn (ver. 1.12.9, Skyscan) software programme. From this programme, the images were transferred to computers and in necessary cases 3D modelling was also performed [4] . Bony tissues belonging to MCA were determined in the axial images and the regions of interest (ROIs) were chosen. Then, thresholding was done. In the selected ROI areas, the total tissue volume of mandibular condyle (TV), the total bone volume of mandibular condyle (BV), the bone surface area of mandibular condyle (BS) and percentage of bony tissue of the mandibular condyle (BV/TV) were measured. All these measurements were done bilaterally. 
Statistical analysis
The statistical analysis of the study was performed using IBM SPSS Statistics 23.0 (IBM Corporation, Armonk, NY, USA) programme. All the measurements were done by two researchers at different times independently and the reliability of the measurements was compared by the Wilcoxon matched double sample test. The normal distribution of all of the variants was examined using the Kolmogorov-Smirnov test. In descriptive statistics, mean ± standard deviation and minimum-maximum values were used. Additionally, the related variants' mean values in the universe were given in 95% confidence interval. The differences between the age groups and according to sex were examined by the two-way ANOVA test. The significance of the measurements between the right and left joints was calculated by variance analysis. The changes in the measurements according to age group were detected with Pearson's correlation coefficient.
In all of the statistical analysis, a p-value less than 0.05 was considered significant.
RESULTS
The mean age of the patients was 44 ± 14.403. No statistically significant differences were observed between the mean ages of the patients according to sex (p > 0.05). Additionally, there were no statistically significant differences between the measurements of both researchers (p > 0.05).
The descriptive statistics of the angles in between the MCA are given in Table 1. In Table 2 The values of the parameters of the right and left joints are found to be statistically significant (p ≤ 0.05). In the examination of the whole parameters of the right and left joints without taking the age and sex into consideration, two of the parameters showed statistical significance. These two parameters were RLA-VA (p < 0.001) and AT Tilt (p < 0.001) and both were found to be greater on the right joints. Additionally, the CONT-MF(S) showed a statistically significant difference between the joint sides (p = 0.086) and was higher on the left-joint side ( Table 2) .
The results according to sex, without taking the age and joint side into consideration, showed statistically significant differences for 8 parameters. From these parameters, the ones which were found to be higher in males were CONT-MF(C) (p < 0.001), CONT-MF(S) (p < 0.001), CONMi-MF (p < 0.001), BS (p = 0.050), AT Tilt (p = 0.05), AT Height (p = 0.001), and AT-MF (p = 0.006). Additionally, in females, the AT-ZA Angle (p = 0.005) was found to be higher in value. Table 3 shows the descriptive analysis and comparison of sex and age groups.
After examination of all parameters according to age, without taking sex and joint side into consideration, 10 parameters showed statistically significant differences. CONT-MF(C) (p = 0.05), CONT-MF(S) (p = 0.023), CONM-MF (p = 0.011), and CONL-MF (p = 0.018) measurements showed statistically significant differences among the different age groups. On examining the measurements of the angle between the mandibular condyle and mandibular ramus among the age groups, RLA-VA (p = 0.050) and CLA-RLA (p = 0.049) showed statistically significant differences. In the examination of the volume and area measurements of the MCA among age groups, TV (p = 0.012), BS (p = 0.024) and BV/TV (p = 0.016) showed statistically significant differences. Additionally, AT-MF showed statistically significant differences among age groups (p = 0.035) ( Table 3) .
On examination of the effects of age on other variables, CONM-MF (30%), CONL-MF (30%), CONT-MF(S) (24%), BV (36%), BS (35%) showed a weak correlation; MCA (15%), MCW (17%), RLA-VA (18%), CONMi--MF (15%), AT-ZA Angle (18%), BV (17%) showed a positive correlation with a weak relation. However, the AT Tilt (-20%) and BV/TV (-27%) showed a negative correlation with a weak relation.
DISCUSSION
In this study, 19 clinically important morphometric parameters were examined in 100 anatomically normal patients.
In coronal section measurements, Hilgers et al. [2] measured the MCW with CBCT and found it to Table 3 .
Comparison of statistics of variables according to sex and age groups [3] examined the CBCT images of 22 asymptomatic patients of ages in between 12 and 25 (10 males, 12 females). In this study, the measurement of the distance in between the tip of the mandibular condyle and mandibular fossa was measured from the coronal axis. The authors found the measurement values to be 2.6 ± 0.4 mm in males and 2.7 ± 0.6 mm in females. Additionally, they found no statistically significant difference among the sex groups (p > 0.05). In the current study, a statistically significant difference was observed in the sex groups when the age had not been taken into consideration (p < 0.001). The statistically significant difference observed in the present study may be related to the higher number of anatomically normal patients (p = 0.05). Ueki et al. [13] performed the measurements of TMJ before and 1 year after sagittal split ramus osteotomy. In patients having symmetrical joint disorders, on the deviated side, the coronal section measurements were found to be 12.7 ± 13.8 o for CLA-HA before the operation and 12.3 ± 11.1 o 1 year after the surgery. CONM-MF was 1.4 ± 0.6 mm before and 1.5 ± 0.6 mm 1 year after the surgery. The distance between the mandibular fossa and tip of mandibular condyle was found 1.8 ± 0.6 mm before and 2.1 ± 0.7 mm after surgery. In another study, Ueki et al. [12] examined the changes in condyle angle after the intraoral vertical ramus osteotomy in 29 patients with prognathism. In preoperative measurements, CLA-HA was found 10.3 ± ± 11.4 o on the deviation side and in postoperative measurements, it was found 13. 7 ± 12.7 o . The values of the angle measurements of this study were very close to the present study. However, the distances were different. This difference in the present study may be related to the examination done in anatomically normal patients and population differences.
In Zhang et al.'s [15] preliminary study, in coronal sections, nearly similar parameters were examined. The researchers found that the coronal condylar angle (CLA-HA) was 12.05 o on the right and 11.80 o on the left side in the normal population. Additionally, they measured the coronal condyle width of 17.60 mm on the right and 18.99 mm on the left side. Both of these parameters did not show any statistically significant difference in their study, and this was in accordance with the present study's findings.
The RLA-VA and CLA-RLA parameters are basically defined in the current study and RLA-VA showed a statistically significant difference in between the right and left joints. This difference may have an importance in the biomechanics of the joint and force distribution through the joint.
Ghristiansen et al. [1] examined the TMJ in 36 healthy patients by CT. In these measurements, they found the distance in between CONT-MF(S) and the joint cavity to be 2.3 ± 0.9 mm and AT Tilt 59.6 ± ± 12.4 o in the sagittal sections. Similar to the study of Ghristiansen et al. [1] , in the current study the authors measured the distance from the tip of the mandibular condyle in the sagittal axis and observed a statistically significant difference between the two sexes (p < 0.001). Additionally, in the comparison of the first age group with others, statistically significant differences were observed (p = 0.023). In the current study, AT Tilt showed a statistically significant difference in between right and left sides (p < 0.001) and this finding was different from the results of Ghristiansen et al. [1] . In another study, Paknahad et al. [8] measured the mandibular fossa in 40 patients with TMJ disorders (TMD) and 23 controls. They observed the AT Tilt mandibular fossa depth (CONMi-MF) higher in patients with TMD (p < 0.05). Different from the study of Paknahad et al. [8] , in the present study, the authors examined that parameter without taking the side of the joint into consideration and found a statistically significant difference between the two sexes (p < 0.001). Sümbüllü et al. [11] examined the morphology of articular tubercle in 52 patients with TMD and compared it to that in 41 healthy patients in CBCT. Different from the findings of Sümbüllü et al. [11] , AT Tilt angle showed a statistically significant difference according to sides (p < 0.001) and sexes (p = 0.05) in the current study. This main difference in between the two studies is explained by the current study's high number of patients.
In measurements done in sagittal sections, the CONMi-CONT is basically described in the present study. Additionally, the bone surface area was firstly measured in the present study and this parameter was important when evaluated with the other parameters.
AT Tilt has an importance in the movement of mandibular condyle in mandibular fossa and TMD. This value showed a statistically significant difference in between right and left sides in the current study. Additionally, the RLA-VA (p < 0.001) value was higher on the right side in the current study, which may have been important for the biomechanics of the TMJ and force distribution.
In the literature, there are only a few studies comparing the CONT-MF(C), CONT-MF(S), and CONMi-MF measurements between the sexes [1, 3, 8] . In the present study, all of these values were found to be higher in males in large series comparisons. Additionally, in the present study, BS, AT Tilt, AT Height, AT-MF also showed higher values in males. The current study morphometric measurements related to articular tubercle will be important for the future studies. Knowing the value of AT-MF in normal population will also be a new finding for the zygomatic arch traumas. The AT-ZA Angle was firstly described in this study and it was higher in females when compared with males. This parameter will be important for patients who need long implants to the zygomatic bone.
When all of the parameters are discussed according to age groups only, CONT-MF(C) (p = 0.05), CONT-MF(S) (p = 0.023), CONM-MF (p = 0.011), and CONL-MF (p = 0.018) showed a statistically significant difference. Although there are some studies in the literature that compare these parameters [1, 3, 13, 15] , none of them made the comparison between age groups. When comparing the angle in between mandibular condyle and mandibular ramus between the age groups, the RLA-VA (p = 0.050) and CLA-RLA (p = 0.049) showed a statistically significant difference. Although there are some studies that compare these parameters [12, 13] , none of them compared these parameters between the age groups. In the comparison of the bone volume and surface measurements between the age groups, TV (p = 0.012), BS (p = 0.024), and BV/TV (p = 0.016) showed a statistically significant difference. In the literature, there were no studies examining the TV, BV, BS and BV/TV according to side, age, and sex groups. AT-MF showed a statistically significant difference between the age groups (p = 0.035).
In the present study, the examined parameters are detected according to age and these values will support the Moss' functional matrix theory [5] .
The obtained values in many parameters of the healthy population and their relations with each other will also have an importance in 3D modelling.
CONCLUSIONS
The characteristics of TMJ according to age, sex, and joint side must be well known in a healthy population, in order to understand TMD better. The current study will help understand the aetiology of TMD, the effects of surgical interventions on the joint, the effects of secondary diseases on the joint, the effects of head and neck surgery on TMJ, and the effects of aging on this joint can best be explained.
